Background: Chest radiography is commonly used for diagnosing community-acquired pneumonia (CAP). Computed tomography (CT) is not routinely recommended for initial assessment of CAP patients but is more sensitive and more specific than chest radiography. Objectives: To investigate characteristics of pneumonia with negative chest radiography in cases confirmed by CT. Methods: We included patients diagnosed with CAP in the emergency department, and chest radiography and CT were performed and sputum cultures were collected. The CR-group was defined as patients for whom infiltration of pneumonia was detected only on CT. The CR+ group was defined as patients for whom infiltration was detected on both chest radiography and CT. Data were collected retrospectively from medical records. Results: A total of 138 patients were included, with 58 patients in the CR-group and 80 patients in the CR+ group. Mean age was higher in the CR-group than in the CR+ group, and white blood cell counts and C-reactive protein (CRP) levels were lower in the CR-group than in the CR+ group (8.4 × 10 3
Introduction
Pneumonia is one of the most common infections in all age groups, and the mortality of pneumonia is steadily rising, with the disease now ranked the third most common cause of death [1] . The diagnosis of pneumonia is based on clinical symptoms, physical findings, laboratory data and radiological findings consistent with pulmonary infection. Chest radiography has been the primary radiographic test used to evaluate community-acquired pneumonia (CAP) [2, 3] . On the other hand, use of chest computed tomography (CT) to evaluate patients with acute respiratory symptoms has markedly increased as the clinical practice has evolved to more thoroughly image the lungs for signs of pneumonia [4] . CT is more sensitive than chest radiography for identifying radiological signs of pneumonia, resulting in some patients showing pneumonia on CT, but not on concurrent chest radiographs, even though CT has not been recommended for the initial assessment of CAP patients [5, 6] . In previous studies, 7-21% of pneumonia cases with a clinical diagnosis of CAP showed negative chest radiographs on presentation [7, 8] . However, little information has been available regarding the association between sensitivity of chest radiography and clinical and microbiological factors of CAP.
The aims of this study were to investigate differences in sensitivity to infiltration for plain chest radiography and chest CT of patients with CAP and to investigate clinical and microbiological characteristics of pneumonia with negative chest radiography in cases confirmed by CT.
Methods

Patients
We retrospectively included adult suspected cases of CAP in the emergency department of our hospital between April 2010 and April 2015 in this study. Suspected CAP was defined as acute illness associated with fever (temperature >37.5°C) and cough, plus the presence of a new infiltrate in chest radiography or in CT. Among the CAP suspected cases, we selected clinically suspected CAP cases by the exclusion of other sites infection or non-infectious pulmonary diseases (Table 1) . For radiographic and microbiologic investigation, we confirmed CAP cases in which CONTACT Takatoshi Kitazawa tkitazaw@med.teikyo-u.ac.jp Department of Internal Medicine, Teikyo University, 2-11-1 Kaga, Itabashi-ku, Tokyo 173-8605, Japan both chest radiography and CT were performed, and pathogens were identified from sputum cultures collected on admission (Table 1) . The need for informed consent was waived due to the retrospective nature of the study.
Methods of measurement and data collection
Interpretations of plain chest radiographs and chest CT by the attending pulmonologist and radiologist were recorded. Patients were then divided into two groups (Figure 1 ): those whose infiltrates were present on CT but absent or inclusive on chest radiography (CR-group; Figure 2 (a, c)); and those whose infiltrates were present on both chest radiography and CT (CR+ group; Figure 2(b, d) ). Infiltration of pneumonia detectable only on CT was considered to be represented by any of the following conditions: no infiltration apparent on chest radiography, but infiltration apparent on CT, or differences in infiltration sites between chest radiography and chest CT. Clinical background and medical laboratory data were collected from medical records.
Statistical analysis
Categorical and continuous variables were analyzed using Fisher's exact test and Student's t-test, respectively. All tests were two-sided, with a value of P < 0.05 considered statistically significant. Multivariate analysis was performed using binary logistic regression analysis to allow for adjustment of confounding factors. Data were statistically analyzed using PASW Statistics version 17.0.2 software (SPSS Inc., Chicago, IL, USA).
Results
Clinical characteristics of patients with pneumonia
A total of 138 patients who were diagnosed clinically, radiographically and microbiologically were included in this study. Table 2 shows the clinical characteristics of patients with CAP. There were 58 patients in the CR-group and 80 patients in the CR+ group. Mean age was higher in the CR-group than in the CR+ group. No significant difference in body mass index (BMI) or smoking history was seen between groups. Mean white blood cell counts and C-reactive protein levels were lower in the CR-group than in the CR+ group (8. 
Comparison of pneumonia pathogens in CRand CR+ groups
We compared pathogens from sputum cultures between the CR-and CR+ groups (Table 3) . Among the detected bacteria, the most frequent bacterium in the CR-group was Viridans streptococci, and the most frequent bacterium in the CR+ group was Streptococcus pneumoniae. However, no significant Figure 1 . Enrollment of community-acquired pneumonia (CAP) patients and division into two groups.
differences in the frequencies of pathogens were apparent between the two groups overall.
Identification of independent predictive factors for pneumonia in the CR-group
Based on clinical and microbiological results, multivariate analysis was performed on items that differed significantly between CR-and CR+ groups. Age was not identified as an independent risk factor for the CR-group (Table 4) . However, significant differences were evident in white blood cell counts, CRP concentration, and laterality.
Discussion
Chest radiography has been the primary radiographic test used to evaluate patients for CAP, although this modality has been unreliable in achieving a definitive diagnosis of pneumonia [9] . In our study, 42% of pneumonia cases were recognizable only in CT. In a previous study of adult CAP cases, among 26 confirmed cases, high-resolution CT identified 8 cases CT, computed tomography; CR, plain chest radiography; BMI, body mass index; WBC, white blood cells, CRP, C-reactive protein (30.8%) [10] . In a case series of 110 cases diagnosed with pneumonia by clinical follow-up, 9 cases were confirmed by CT alone, although 17 cases of nosocomial infections were included [11] . The reason for the high rate of CR-group allocation from the diagnosis of pneumonia in our study was unclear, but we speculated that in our study, the rate of patients for whom CT was performed among patients with suspected pneumonia might have been higher than in previous studies. Indications for CT may need to be re-evaluated, given the frequency of misdiagnosis of pneumonia from chest radiography. Among the clinical factors we investigated and compared between CR-and CR+ groups, differences were seen in age, white blood cell counts, CRP, and laterality of the pneumonia lesion. In a population-based cohort study of adult patients admitted with suspected pneumonia, patients with unconfirmed pneumonia were older than those with radiography-confirmed pneumonia [8] . Conversely, in a multivariate study of hospitalized adult patients with CAP, patients with CT-only pneumonia were younger (median, 53 years) than patients showing pneumonia on chest radiography (median, 58 years; p < 0.01), a result contradicting our own findings [12] . Since the results of multivariate logistic analysis were not significant in our study, we speculated that old age as a clinical factor in the CRgroup might have been confounded by body size or severity of inflammation. As for body composition, a study by Upchurch et al. reported obesity as significantly more common in patients with CT-only pneumonia than in those with pneumonia also appearing on chest radiography [12] . Obese patients are well known to frequently experience atelectasis, mainly in the lung bases [13] . CT-only pneumonia appeared more common among obese patients, perhaps due to lower attenuation from adipose tissue in obese patients. In the study by Upchurch et al., the rate of obesity was higher than in our study. Mean BMI for our study population was closer to that of the general population. We considered that obesity was not associated with the diagnostic value of chest radiography. Few studies have clarified the association between laterality of infiltrations and sensitivities of chest radiography. Among 26 patients with CAP diagnosed on CT in the setting of non-diagnostic chest radiography, infiltration was detected in the right lung in 9 patients, in the left lung in 4 patients, and in both lungs in 9 patients [9] , although differences in detection rate between chest radiograph and CT were not analyzed.
In our study, the CR-group was associated with lower levels of serum inflammatory biomarkers. The study by Upchurch et al. reported that white blood cell counts did not differ significantly between the CT-only pneumonia group and the pneumonia on chest radiography group [12] . They found that serum procalcitonin concentrations were lower in the CT-only pneumonia group compared with the pneumonia on chest radiography group [12] . In a previous study of pediatric cases with suspected pneumonia, CRP level showed independent diagnostic value for pneumonia, although low levels did not exclude pneumonia [14] . In a systematic review of the diagnostic value of CRP in primary care and emergency departments in terms of ruling in or ruling out CAP, CRP appeared useful for ruling out a diagnosis of CAP [15] . From our results and those findings, we considered that in cases of suspected pneumonia with low CRP level, CT might be useful for diagnosing pneumonia. Microbiological results of our study showed no significant differences in the frequency of pathogens between CR-and CR+ groups, but proportions of S. pneumoniae and Haemophilus influenzae were higher in the CR+ group, whereas Viridans streptococci were higher in the CR-group. In the study by Upchurch et al., prevalence of major CAP pathogens, including S. pneumoniae and H. influenzae were also similar between groups, although the rate of these pathogens was higher in the CR-group than in the CR+ group [12] . Based on our findings and the results of previous reports, we considered that in cases of pneumonia with neither CRP elevation nor leukocytosis, a relatively narrow-spectrum penicillinbased drug could be selected instead of a thirdgeneration cephalosporin.
In advanced countries and middle-income countries, the frequency of CAP has recently been increasing, as has the proportion of elderly patients [16] . Currently, nearly all hospitalized adults with CAP are treated using antibiotics [17] . Consensus guidelines by the Infectious Diseases Society of America and the American Thoracic Society on CAP management recommend the use of broad-spectrum antibiotics for CAP inpatients requiring intensive care [18] . Early diagnosis of pneumonia using CT might lead to the early start of antibiotic administration and obviate the need for broad-spectrum antibiotics.
The present study was limited by both a small sample size and the retrospective design. Furthermore, the method of the study allowed us to determine the prevalence of negative CR studies only in the presence of a positive CT result for pneumonia. The prevalence of negative CT scan in the prevalence of negative CR study were not determined. Infiltration of pneumonia has also shown poor interobserver reliability [19] . This study excluded pneumonia cases in which sputum was not collected for microbiological investigation. In the previous study of CAP, sputum culture was obtained in a small number of patients (39.6%) [20] . The exclusion of cases of unobtained sputum culture in this study could affect the results of characteristics of both groups. For clarifying the precise characteristics of CT confirmed pneumonia, additional prospective research including pneumonia patients whose sputum were uncollected will be required.
In conclusion, infiltrations were detected on CT alone in 42% of CAP cases. In pneumonia with negative chest radiography in cases confirmed by CT, tendencies were seen for milder inflammation and infiltration into the left lung.
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